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RADIO OVER FIBRE LINK FOR SHORT RANGE WIRELESS COMMUNICATION

Jucwok O., 'ogznmescskuii K., SAummmn €. Ilepexaya pagiocuraany no onTHYHOMY BOJOKHY HA KOPOTKi
BincTani. Po3risiaeTbesi KOHIEMNIIS TEXHONOTIT epeaadi paJioCHrHaly MO ONTHYHOMY BOJIOKHY B O€3MpPOBOJOBUX
cucTeMax 3BSI3Ky KOPOTKOrO Jiama3oHy nii. J{is mMoimimeHHsS TPOAYKTHBHOCTI CHUCTEM 3B'S3KY PO3TJISIAETHCS
BUKOPHCTaHHS ()OTOHHOI aHTeHH. Y POOOTI BHKOPHCTOBYIOTHCS JAesiki peamizauii GoroHHuX anTeH. TexHomoris RoF
3BSI3KYy 3 BHKOPUCTAaHHAM (POTOHHUX aHTEH Ja€ MOXIIMBICTH NepenaBaTH MOIYJIbOBaHI PaJliOCHTHAIH, HAIPHKIAR
crannaptiB WLAN a6o LTE, nist 3a0e3nedeHHs 6e31poBOA0BOTrO pamiofOCTyIly YeepeaArHi Oy IiBiIi.

Knwowuosi crosea: paniocursan, ontuiHe BoIokHO, RoF, 0e3rnpoBooBi KOMyHiKaliliHi cucTeMH, ()OTOHHA aHTEHa,
WLAN, LTE, 6Ge3npoBooBuii pagiofocTymn

Jucrwok A., TomsummenBckuii K., Snmmmu E. Ilepenaya pagmocursaja mo onTH4ecKoMY BOJIOKHY Ha
KOpPOTKHe paccTosinusi. PaccMarpuBaercsi KOHIENIUS TEXHOJOTHH Tepefaud paJvoCHTHANA 110 ONTHYECKOMY
BOJIOKHY B OECIIPOBOJHBIX CHCTEMax CBSI3M KOPOTKOTO JIuara3oHa JedcTBus. JlJsl ymydineHus: Mpou3BOAUTEIHHOCTH
CHCTEM CBSI3U pacCMaTpPHUBAETCs HCIOIb30BaHue (POTOHHOW aHTEHHBI. B paboTe HCronb3yroTCsl HEKOTOpBIE peallu3aliii
¢oronnbix aHTeHH. TexHomorus RoF cBsi3u ¢ ucmonb3oBaHreM (OTOHHBIX aHTEHH JaeT BO3MOXKHOCTH II€PEIaBaTh
MOJIYJIMPOBaHHbIE paauocurHaibl, Hampumep crangaptoB WLAN wmm LTE, mns obecrieueHust GecnpoBoaHOTO
pazuomocTyna BHYTPHU 3AaHUS.

Knroueevle cnoea: pamuocursal, onTHIeckoe BOIOKHO, RoOF, OecnpoBoiHBIC KOMMYHUKAIIMOHHBIC CHCTEMBI,
¢oronnas antenna, WLAN, LTE, Ge3npoBoaHOH paanogocTy

Lysiuk A., Godziszewski K., Yashchyshyn Ye. Radio over fibre link for short range wireless
communication. A concept of Radio over Fibre (RoF) link for short range wireless communication systems has been
presented. To improve the link performance a photonic antenna has been introduced. Some realizations of transmitting
and receiving photonic antennas have been used. The RoF link with photonic antenna is capable of distributing
microwave modulated signal, e.g. of WLAN or LTE standard, to provide wireless radio access inside a building.

Keywords: radio over fibre, RoF, wireless communication systems, photonic antenna, WLAN, LTE, wireless
radioaccess

I. Introduction. Now a days a continuous progress in a new generation services offered to the
users of the communication systems led to the need for very rapid development of both backbone
and access networks. The strongest growth is visible for wireless systems, which offer mobility,
flexibility, ease of installation and modernization of the network. Modern wireless devices: mobile
phones, laptops, tablets stimulate the development of services that combine simultaneous
transmission of voice, data and multimedia content, resulting in the need to ensure the requirements
for the transmission parameters for each of them. These requirements include: high capacity
system, the ability to achieve high data rate transmission, the security of transmitted information,
system reliability, scalability and flexibility. As a response to the growing needs a combination of
optical and microwave domains properties have been used in numerous applications of Radio over
Fibre systems [1, 2]. These systems allow the use of the advantages of fibre optic communication,
while leaving the benefits of wireless transmission, such as flexibility and the ability to rapidly
develop and modify the structure of the network.

II. Radio over Fibre architecture. The RoF technique involves the transmission of radio
frequency signals between one Central Station (CS), and a number of Remote Antenna Units
(RAU) — Fig. 1. The use of RoF technology is a promising way to distribute wireless signals within
buildings, e.g. to provide Internet access in public places such as railway stations, subway tunnels,
airports, universities, shopping centres and sports facilities. Wide bandwidth and low loss of optical
fibres allow the gradual introduction of new transmission standards, which can assume other
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broadcast frequencies and higher data rates. The specific architecture of the system will allow
making these changes without interfering with the already created infrastructure.

CS manages the operation of the whole system and is responsible for the main signal
processing functions, such as modulation, demodulation, signal encoding. RAU station acts as a
simple network element, responsible only for the conversion of the optical signal to electrical
domain and vice versa. Communication between RAU and CSis provided by a secure, wired,
optical infrastructure while between the RAU and the user terminal the traditional wireless radio
transmission is used.
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Fig. 1. Radio over Fibre system for distribution of
wireless signal within buildings

To reduce the installation and maintenance costs of RoF systems, it is imperative to design a
compact and low-cost RAU. This may be achieved by using the photonic antenna, which concept is
based on direct integration of high-speed optoelectronic components with microwave antennas [3].

III. Photonic antenna concept. In conventional wireless systems the last or first part of
transmitting/receiving link is a microwave antenna. This antenna is fed mostly by means of
microstrip line or microwave cable, in which the signal is transmitted in both directions. To
introduce the fibre-optic link to transmission system the appropriate antenna has to be used. In Fig.
2 two concepts of transmitting radio-fibre link have been presented. The simplest solution is to use
photodiode module accompanied by a traditional microwave antenna (hybrid link Fig. 2a). It is also
possible to eliminate, from the path, the redundant RF connectors and directly connect microstrip
radiator with optoelectronic device (photonic antenna, Fig. 2b).

The definition of photonic antenna can be formulated as follows: the antenna working in the
microwave band, to which or from which the signal is carried by means of optical fibre. Optical
media is connected to the photodiode or the laser for opto-electronic and electro-optic conversion.
Because of the unilateral nature of opto-electronic devices integrated photonic antenna may be only
the transmitting or receiving antenna.
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Fig. 2. Hybrid (a) and photonic (b) transmitting radio-fibre link

When a signal after the opto-electronic conversion is sent directly to the input port of the
radiator it is a transmitting photonic antenna. If the signal is received by the radiator and then
modulates the optical carrier of a laser a receiving photonic antenna is considered. Photonic
antennas are characterized by: light weight and small size in the absence of RF cables and
connectors; the possibility of the remote antenna control due to low loss in optical fibre (below 0.2
dB/km); immunity to electromagnetic interference in connection with the use of optical fibres.

Due to the ease integration with electronic devices common type of microwave antenna used
for the integration in radio-fibre systems is the patch antenna. Depending on the antenna structure
the photodiode or laser diode can be connected to the micro strip feed line of the radiator or directly
mounted in the feeding point. A DC bias for optoelectronic devices is delivered to the antenna
together with the modulating microwave signal. In order to obtain the correct operation the laser
diode should be polarized in the forward direction and the photodiode in reverse.

IV. Photonic antenna realizations and measurements. In our realizations of photonic
antennas only commercially available optoelectronic components have been used. Due to small
size, easy polarization and low cost the laser diode and photodiode in coaxial pigtailed packages
have been chosen. The selected parameters of FOLI3F1MWI-R4-F7/FOL15FSMWI-R4-F7
laser diode from Furukawa Electric and PPDA-F photodiode from Agx Technologies are
summarized in Table 1.

Proposed transmitting and receiving photonic antennas are based on E-shaped microwave
radiator. The radiator has been designed on ROGERS4003C dielectric substrate with permittivity €
= 3.55. In order to extend the frequency range of operation the substrate, on which the radiator is
placed, and a ground layer are spaced apart at a distance of /#=5.5 mm. The microwave antenna
operates between frequencies 2,34 GHz + 2,92 GHz, in which the reflection coefficient falls below
—10 dB. Such frequency range covers the 2.4 GHz ISM/ band, where IEEE 802.11b/g standards
work and the selected bands of LTE system. In the band the antenna reaches a gain value of 10 dBi.
High gain can reduce or compensate electro-optic and opto-electronic conversion losses.

Photonic antennas involve pigtailed laser diode and photodiode described above in receiving
mode and transmitting mode, respectively.
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Selected parameters of optoelectronic components Table 1
Parameter Value Parameter Value
laser type DFB photodiode type PIN
peak wavelength 1310 nm/1550 nm | wavelength range 1100 nm+1650 nm
RF bandwidth 3 GHz RF bandwidth 3 GHz
RIN noise -154 dBc optical Return Loss -45 dB
optical connector FC/APC optical connector FC/APC
0,85 A/W
slope efficienty sp 0,14 W/A responsivity (C%‘ ;g l,g/il)vm)
(@ 1550 nm)
output optical power 4 mW input power saturation 10 mW
(max)
output isolation 30dB capacitance 0.6 pF

The ground layer in both constructions is a one side metallization of FR4 substrate, on which
on the other side a polarization circuits for optoelectronic devices are placed. The bias circuits
consist of: DC socket; fixed 5V voltage stabilizer (IC1); inductance (L1 = 88 nH), which separate
DC and microwaves and in receiving antenna additional resistor (R = 50 Q) to limit the current
flowing through laser diode.

In Fig. 3 the front, side and rear view of transmitting photonic antenna is shown.
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Fig. 3. Front, side and rear viewof transmitting photonic antenna

The gain of both transmitting and receiving photonic antenna have been measured and
compared with the gain of microwave radiator (Fig. 4). The gains of photonic structures consist of
laser diode or photodiode conversion losses, the gain of microwave radiator and small losses due to
microstrip path between optoelectronic device and radiator.

In the case of transmitting antenna the gain value corresponds to the microwave type, because
only small losses of O/E conversion are introduced to the link (the responsivity of the photodiode is
0.95 A/W at 1550 nm optical wavelength). The opposite situation is with receiving antenna
integrated with laser diode. Electro-optic conversion losses are high (about 17 dB), because of small
slope efficiency value of a laser diode (table 1).
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Fig. 4. Measured gain versus frequency for transmitting,
receiving photonic antenna and microstrip antenna

The receiving photonic antenna gain can be easily improved with the use of microwave low
noise amplifier between laser diode and the radiator [4]. A HMC667LP2 monolithic microwave
integrated circuit from Hittite company has been used in the design. The bandwidth of the amplifier
is 2,3+2,7 GHz and should not limit the bandwidth of the photonic antenna. The device is
characterized by 19 dB gain and 0.75 dB noise figure. Because of the same bias voltage and low
current consumption the laser diode and the amplifier can be supplied from the same DC source.

The front and back view of realized receiving antenna with preamplifier is shown in Fig. 5.

Fig. 5. Front and back view of photonic receiving
antenna with preamplifier

The amplifier increases the gain of receiving antenna (Fig. 6) and not increases significantly the
cost of the whole device. Although it should be mentioned that in the scenario with amplifier the
received signal cannot exceed —20 dBm, so the user terminal cannot be placed in the nearest area of
the receiving antenna.
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Fig. 6. Measured gain versus frequency for receiving photonic antenna with
and without amplifier and microstrip antenna

V. Conclusions. To conclude, radio-fibre links are capable of transmission microwave
modulated signals to provide full coverage inside a building. An idea of photonic antenna can be
used to simplify the structure of RoF system and reduce the number of RF cables and connectors.
Different structures of antennas can be designed to fulfil specific needs of a system. A lot of work
still need to be carried out on the development of integrated structures that will effectively convert
modulated optical signal to microwave signal.
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